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PUMP PISTON AND/OR ELEMENTS SEALING THE PUMP PISTON, IN 
PARTICULAR A SEALING RING OF ELASTOMERIC MATERIAL, AND A 
DEVICE AND METHOD FOR COATING AN OBJECT OF ELASTOMERIC 

MATERIAL 

FIELD OF THE INVENTION 

The present invention relates to a pump piston and/or 
elements sealing the pump piston, and to a sealing ring, as 
well as a device and a method for coating an object 
5 utilizing a plasma. 

BACKGROUND INFORMATION 

Pump components, such as pump pistons that move while 
pumping the fluid to be delivered, or stationary components 

10 sealing these, such as sealing rings, are usually subject to 
higher wear. The wear concerns surface regions that are 
subjected to pressure or contact pressure on a regular 
basis. Pump pistons, for instance, have relatively high wear 
due to oscillations, lateral forces and friction; in 

15 addition fission extrusion at the sealing ring, wear at the 
guide ring or at the eccentric shaft may occur on a regular 
basis. For example, the rotational movement of the drive is 
converted into a lifting movement for pressure generation 
via the bearing between the eccentric shaft and pump piston, 

2 0 which produces wear loads in the bearing. 

Not only pump pistons but sealing rings as well must 
therefore be protected from increased wear so as to maintain 
their pumping and sealing function. 

25 

The described pump pistons and sealing rings are used, for 
example, in pump systems of modern automotive technology. 
Safety technologies such as ABS (anti-lock braking system) , 
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ESP (Electronic Stability Program) , EHB (Electro-Hydraulic 
Braking) or TCS (Traction-Control Systems) are mentioned in 
this context by way of example: 

5 In addition to uncoated pump pistons and sealing rings, 
lubricant-coated sealing rings are currently utilized as 
well # sometimes with additional lubrication in order to 
ensure the highest possible wear resistance. 

10 In conventionally installed components in pumps, in 

particular for the afore -mentioned applications, the wear is 
sufficiently low for the normal service life of 
approximately 80 hours. Due to multiple application uses, 
for example in Enhanced-ESP or EHB, an increase to 

15 approximately 150 to 4 00 hours is expected in the required 
service life. When using the current sealing systems, the 
increase in the load duration may result in leaking brake 
fluid and thus a breakdown of the overall system due to wear 
of the sealing rings or pump pistons. 

20 A typical material for sealing rings made of elastomeric 

materials, for instance, is EPDM (terpolymers of ethylene, 
propylene and a diene having an unsaturated part of the 
diene in the side chain) . 

25 The current measures for surface coating of sealing rings of 
elastomeric materials with a lacquer layer, such as spray or 
immersion coating, are of insufficient or only limited 
benefit in meeting the mentioned higher demands. 

30 European Patent No. 0 022 285, describes a dry-film 

lubricated friction bearing in which a sliding layer between 
the surfaces of the bearing that move towards or against 
each other is made of a carbon layer applied on a substrate 
in a firmly bonding manner, which has a layer thickness in 

35 the range of 10 nm to 10 /^m of a diamond-like crystal 
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structure. However, these sliding layers can only be 
utilized with still acceptable wear under dry conditions, 
for instance without lubricants or in moisture- free ambient 
air, which is disadvantageous in practice. 

5 

SUMMARY 

The present invention relates to improving the durability 
characteristics of surfaces of components, in particular 
elastomeric components . 

10 

In accordance with an example embodiment of the present 
invention, a pump piston and/or elements sealing the pump 
piston is provided. The coating of the piston and/or the 
sealing elements consists at least predominantly of the base 

15 materials in the form of halogen-, silicon-, 

carbon-containing and/or metal -organic monomers. These 
monomers may form an extremely firmly adhering, chemically 
bound, stable and durable protective layer. In particular a 
multi- layer configuration made up of the mentioned monomers 

20 may be realized as well. For example, the mentioned monomers 
may form a functional layer as an outer layer of a 
protective coat on a pump piston or elements sealing such a 
pump piston, this protective coat being made up of a 
plurality of layers. For instance, pump pistons are coated 

2 5 with an adhesive layer, a superposed intermediate layer or 

transition layer, and an outer functional layer. Such a 
configuration is described in greater detail in the figure 
description, in particular in connection with Figure 3. 

3 0 The pump piston may consist of different materials, such as 

metal or plastic, and may include a protective layer over 
its entire surface or only across certain regions, for 
example its external surface area and frontal area. 

35 Elements sealing the pump piston are specifically to be 
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understood as sealing elements that bring about a sealing 
and a certain guidance and suspension of the pump piston 
with respect to adjoining regions, for instance at the 
pump-piston surface. Such sealing elements are typically 
sealing and guide rings, housing sections and the like, by 
which an overflow of media to be supplied or lubricants on 
the pump-piston surface into the abutting regions is made 
possible as well. 

By appropriate coating of the pump piston and/or the 
elements sealing the pump piston, the service life of the 
overall system may be extended due to the reduction in wear, 
or a substantially lower leakage of brake fluid, for 
example, may be achieved over the service life. Sealing-ring 
wear, in particular, may be counteracted. Furthermore, other 
elements sealing or guiding the pump piston, such as a guide 
ring, may be protected from wear in a more optimal manner. 
In addition, it is also possible to better protect 
components that are cooperating with the coated piston in 
relatively high wear loads, such as an eccentric shaft for 
transmitting motion to the pump piston. 

In an advantageous manner, due to the coating, it is also 
possible to largely dispense with additional lubricants that 
are required at present. 

Furthermore, it is especially preferred if the coating of 
the piston and/or the sealing elements is at least 
predominantly made of DLC (diamond- like carbon) . DLC is a 
carbon layer that is especially robust and low in friction. 

The present invention, in particular, relates to a sealing 
ring of an elastomeric material, which is provided with an 
additionally applied coating. Here, too, the coating is at 
least largely made up of the base materials in the form of 
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halogen-, silicon-, carbon-containing and/or metal -organic 
monomers. The coating is preferably made entirely of the 
mentioned base materials. The monomers are especially suited 
for forming a protective layer that is bound extremely well, 
5 i.e., also chemically, to the elastomer, is stable, durable 
and, depending on the monomer, exhibits specific 
characteristics. Typically, the elastomeric material of the 
sealing ring is EPDM, but other materials, such as different 
rubber variants or viton or turcun, are suitable as well. 

10 

The sealing ring having the coating according to the present 
invention provides a basic body made of an elastomer, which 
has high surface quality, i.e., in particular a relatively 
high abrasion resistance or hardness, and a lower 
15 coefficient of friction. Due to these characteristics, the 
sealing ring may be utilized, for instance, in applications 
in pump pistons having a normal service life of over 150 to 
400 operating hours. Furthermore, better installation 
characteristics are obtained by a sealing ring coated 

2 0 according to the present invention. 

A particularly preferred specific embodiment is 
distinguished by a sealing ring having a coating of at least 
largely DLC (diamond-like carbon) . The advantages of this 
25 DLC layer have already been discussed earlier. 

Sealing rings are to be understood as all conventional 
sealing rings commonly used in practice and made of 
elastomeric material. So-called quad-rings or x-rings are 
30 specifically to be understood as such as well. 

The coating of the object preferably takes place in a 
plasma. Accordingly, and additionally based on a device for 
coating an object made of elastomeric material, the device 

3 5 including an evacuable process chamber having an electrode 
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at which objects to be coated are able to be positioned, and 
having at least one counter electrode, a plasma being able 
to be formed between the electrode and counter electrode, 
this object is achieved in that the electrode has a 
5 predefined surface geometry with respect to an object to be 
coated, so that a plasma distribution occurs directly at the 
object to be coated. This plasma distribution causes a 
substantial coating, preferably a largely uniform coating of 
the object even in the surface regions not facing the 

10 counter electrode. This device makes it possible to provide 
sealing rings, for example, with a protective layer in a 
cost-effective manner and in large quantities, the sealing 
rings exhibiting improved friction characteristics and 
higher abrasion resistance. One advantage of the method 

15 according to the present invention may be that it allows the 
coating of the important surfaces to be carried out in one 
coating procedure, especially also of those surfaces not 
directly pointing toward the plasma chamber between 
electrode and counter electrode. 

20 

If an object to be coated is considered, which, for example, 
is round in a section perpendicular to the electrode surface 
and which rests on top of an even electrode that is not 
designed according to the present invention, the upper 

25 semicircular edge of the cross-section pointing toward the 

counter electrode receives a comparatively intensive coating 
since the plasma may act on it without restriction. In 
contrast, the lower semicircular edge of the cross section 
facing the electrode receives a relatively less pronounced 

30 coating due to the fact that the surface regions facing the 
electrode are situated in a kind of plasma shadow. The 
plasma in the plasma shadow is of lower intensity and thus 
leads to a less pronounced protective layer at the lower 
semicircular edge of the object or on corresponding surface 

3 5 regions lying in the plasma shadow. 
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Therefore, when coating with an electrode whose design 
differs from the present invention, relatively costly, 
multi-step coating procedures that are separated over time, 
for instance, are necessary in which the body must be 
5 rotated if all, or the essential, surface regions are to be 
coated in a high-quality manner. In contrast, due to the 
surface geometry of the electrode according to the present 
invention, the plasma is able to also reach those surface 
regions of the object that do not face the counter 
10 electrode. As a result, these surfaces, too, may receive a 
high-quality coating. 

In an advantageous refinement of the present invention, the 
electrode includes at least one recess which is adapted to 

15 the object to be coated. The surface geometry of the 

electrode may be adapted to objects to be coated in such a 
way that, in particular due to an advantageous field-line 
profile in the plasma, for instance, enough reactants in the 
plasma may reach even those surface regions of the object 

2 0 that do not point directly toward the plasma chamber between 
the electrode and counter electrode. Instead of the recess, 
a raised area at the electrode, which is adapted to the 
object to be coated, may be provided as well for the purpose 
of realizing the mentioned effects. 

25 

An especially advantageous embodiment of the present 
invention is distinguished by at least one continuous 
opening in the electrode, which is adapted to the object. 
The plasma may extend into the opening, thereby enlarging 

30 the plasma-filled chamber. In this way, the plasma is better 
able to reach even surface areas of the object to be coated 
that do not directly face the counter electrode. A further 
improvement in the coating may be achieved if the process 
gas is allowed to flow directly through the opening in the 

35 electrode, so that the reactant density is increased in the 
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areas to be coated. 

According to another preferred embodiment of the device 
according to the present invention, the electrode has at 
5 least one continuous opening, and the process chamber is 
configured such that in the region of the at least one 
continuous opening the plasma is able to develop on both 
sides of the electrode. 

10 An electrode may be used more effectively for the coating of 
objects if objects to be coated are positioned on both sides 
of the electrode surface, for instance at a flat, 
disk- shaped electrode arranged between two counter 
electrodes. It is to be assumed here that the plasma engages 

15 with the opening from both sides to achieve the 
afore-described advantages . 

An advantageous embodiment of the object of the present 
invention provides for the thickness of the electrode and/or 

2 0 the at least one continuous opening of the electrode to be 
configured such that the plasma may extend across not only 
unessential sections of the depth of the at least one 
continuous opening. As a result of the plasma formed in the 
opening in this way, the plasma is better able to reach 

25 surface regions of the object to be coated that extend into 
the opening. To enable the plasma to reach into the opening, 
the thickness of the electrode and/or the continuous opening 
have appropriate dimensions. This applies in particular when 
the electrode is sufficiently thin and the opening 

30 sufficiently large. This effect may also be achieved in 
comparatively smaller openings when electrodes having a 
correspondingly reduced thickness are used. The electrode 
thickness is advantageously between approximately 0.1 to 2 
mm, for example, and the objects to be coated have profile 

35 diameters of a few millimeters, such as 1 to 5 mm, so that 
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the diameter of the opening may be in this size range as 
well . 

In a special development of the device according to the 
5 present invention, the thickness of the electrode and/or the 
continuous opening of the electrode are/is configured such 
that the plasma may extend across the entire depth of the at 
least one continuous opening. A continuous plasma is 
obtained in particular when plasma is burning on both sides 

10 of the electrode. In the process, relatively high 

intensities may result in the opening due to the plasma 
extension developing there. Compared to plasma having a 
lower intensity, plasma of higher intensity has a positive, 
i.e., increasing effect on the achievable coating rate, for 

15 example. Thus, relatively high coating rates may be 

realized, i.e., high-rate coating methods of over 0.5 to 100 
juva/h, for example, in particular up to 20 to 100 /um/h, 
however. These high coating rates allow relatively short 
coating times, in the range of a few seconds to a few 

20 minutes, for example, typically less than one minute. Due to 
these relatively short coating times, the thermal load on 
the object to be coated in the plasma may usually be kept 
within a non-critical range. For instance, objects of 
elastomeric material coated by the device according to the 

25 present invention, reach only temperatures of below 
approximately 150° C. These temperatures are usually 
non-critical for the considered elastomeric materials given 
the relatively short coating duration. 

3 0 According to a particular specific embodiment of the subject 
matter of the present invention, a plurality of recesses 
and/or continuous openings is provided in the electrode, 
these being arranged in a regular pattern and adapted to the 
objects to be coated. This allows a plurality of objects to 

35 be coated simultaneously. In conventional coating systems, 
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for instance, and given object dimensions of a few 
millimeters, more than 1000 objects may be positioned at the 
electrode and coated at the same time. The electrode may be 
shaped in the manner of a perforated sieve, for example, or 
a net. The objects to be coated may be positioned at all, or 
only some of the continuous openings. 

A useful development of the subject matter of the present 
invention provides for the device according to the present 
invention to be configured as one- or mult i- chamber system. 
This makes it possible to achieve relatively short charge- 
cycle times. 

Furthermore, it is particularly advantageous if an a.c. 
voltage or pulsed d.c. voltage and/or a negative or positive 
bias (priming voltage) is applied to the electrode. For 
instance, means are provided for the external specification 
of a bias voltage, which makes it possible to influence the 
coating procedure. 

An advantageous device according to the present invention is 
distinguished in that it is adapted to a sealing ring as the 
object to be coated. 

Moreover, starting from a method for coating an object of 
elastomeric material utilizing a plasma, in which the object 
for coating is positioned at an electrode in an evacuable 
process chamber, the object is achieved in that the 
electrode has at least one recess and/or continuous opening 
and the object to be coated is arranged in such a way that 
the object projects into the continuous opening and/or 
recess at least partially. However, the entire object may 
also be positioned in the opening, in particular. 

The method according to the present invention allows 
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significant coating to take place even in surface regions 
not facing the counter electrode. Comparatively high coating 
rates are able to be achieved in the process and high piece 
numbers to be coated in a cost-effective manner. 

5 

The proposed method is particularly advantageous for a 
sealing ring having a passage, usually a circular opening. 
For the sealing ring may be coated at functionally important 
surface geometries in a single procedure since the plasma is 
10 also formed in the sealing-ring hole, in particular, in such 
a way that significant coating takes place there, too. 

The sealing-ring hole is positioned at a hole of the 
electrode, adapted to the sealing ring, in such a manner 

15 that the sealing ring, viewed in the radial direction, 
overlaps the electrode in only a narrow circular ring 
section and otherwise protrudes inwardly into the hole. Only 
a relatively small -dimensioned surface region of the sealing 
ring is thus inaccessible to the coating since it rests on 

20 the electrode. However, in many cases, for example in piston 
seals, this region of the sealing ring is of minor 
importance as far as surface loads or functions are 
concerned. Consequently, there are no high demands regarding 
the coating in this region; in individual cases, they may 

25 also remain uncoated. 

However, sufficient coating takes place on the remaining 
surface regions of the sealing ring, in particular on the 
cylindrical surface area of the sealing-ring hole. Very 
30 often, it is precisely the inner surface of the sealing ring 
that must meet increased demands with respect to the 
coating . 

For instance, if a so-called quad-ring having concavely 
35 shaped surfaces with four annularly integrated sealing lips 
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is coated in accordance with the method of the present 
invention, it may be positioned in the region of a hole of 
the electrode in a particularly advantageous manner. In the 
process, the quad-ring is able to be inserted in the hole of 
5 the electrode and be affixed thereto in a self -clamping 

manner. This is possible when the elastic sealing ring, in 
the region of its circumferential outer surface, has an 
outer diameter that is slightly larger than, or nearly as 
large as, the diameter of the electrode hole. In an 

10 advantageous manner, a quad-ring has a number of different 
outer diameters, since it has concavely shaped outer walls. 
For coating, the quad-ring is embraced, making contact, and 
retained in the electrode hole. This particularly 
advantageous arrangement allows a nearly complete and 

15 simultaneous coating of the quad-ring's surface regions. 
Only the surface region touched and embraced by the 
electrode is unable to be coated. As far as the coating is 
concerned, this is a region that is of secondary importance 
and a relatively small region in correspondingly thin 

20 electrodes . 

For an advantageous method according to the present 
invention, an a.c. voltage having a negative bias-priming 
voltage or a pulsed d.c. voltage is applied to the 

25 electrode. A bias may be produced by the plasma generated in 
the process chamber at the electrode, the so-called self 
bias, or a priming voltage may be generated by a voltage 
externally applied to the electrode. An externally applied 
bias has the advantage of being adjustable and having a 

30 constant potential. 

The self bias formed in the plasma is a function of various 
factors, generally of the injected power, the overall 
pressure in the process chamber and the area ratios between 
35 electrode and counter electrode and/or process-chamber wall. 
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When using a lattice -type electrode, the area of the 
electrode that is in contact with the plasma may be adjusted 
relatively easily, for instance by the number, size and 
shape of the openings . Depending on the surface of the 
5 lattice electrode, a different self -bias voltage comes about 
under otherwise identical conditions. 

In the case of a negative potential due to a negative 
priming voltage, it penetrates through the elastomeric 

10 material of the object to be coated and effects an 

acceleration of the positively charged particles present in 
the plasma onto the surface of the object. The action of 
these particles causes a compacting of the layer and thus an 
increase in the layer hardness. In the process, chemically 

15 bound surface layers and surface layers having especially 
good adhesion may be built up. The effectiveness of the 
particle bombardment is a function of the thickness of the 
dielectric resting on the electrode, for instance of the 
elastomer. This effect may produce surface layers with 

20 differences in the gradient of the hardness or the layer 
thickness, for example. In coated sealing rings this may 
have the result according to the present invention that 
regions are obtained which have a harder or better adhering 
layer. 

25 

Moreover, it is proposed that the object to be coated 
undergoes pretreatment utilizing a plasma. This is to be 
understood, in particular, as a pretreatment of the object 
immediately prior to the coating, it being possible to use 

3 0 the same device according to the present invention. The 

pretreatment is carried out in a particularly advantageous 
manner using a plasma, while supplying air, noble gases, or 
with oxygen, and, if appropriate, a selective voltage 
application. Other materials suitable for surface 

35 pretreatment are, for example, halogen-, oxygen- and/or 
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nitrogen-containing gases, which are supplied to the process 
chamber. The pretreatment causes a purification and 
activation of the surface of the elastomeric material, i.e., 
the production of free bonds. The pretreatment gas, like the 
5 coating gas, too, is excited in the plasma and partially 
fragmented. The formed radicals and/or ions act on the 
surface of the elastomeric material in such a way that the 
surface is purified, by oxidation processes, for instance, 
but also through "mechanical sputtering", or that the 
10 surface is activated. 

Additional details of the present invention are described 
below with the aid of the figures, among others, on the 
basis of schematically depicted exemplary embodiments. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

Two exemplary embodiments of the present invention are 
depicted in the figures and are explained in greater detail 
below. 

20 

Figure 1 shows a perspective representation of a sealing 
ring, which is able to be coated in a device according to 
the present invention according to the method of the present 
invention . 

25 

Figure 2 shows a vertical section through parts of a 
one-chamber system for coating a sealing ring during the 
coating procedure. 

3 0 Figure 3 shows a section through a part of a pump having a 
pump piston able to be moved via an eccentric shaft. 

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS 

Figure 1 shows a sealing ring 1 having a cylindrical basic 
3 5 form. It has a passage 2 having an inner diameter a and a 
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circumferential outer surface 3 having an outer diameter b. 
Passage 2 has an inner surface area 4 . An annular 
strip- shaped upper and lower end face 5, 6 extends in the 
radial direction between the inner diameter and outer 
5 diameter. 

Figure 2 shows a sectional view of parts of a process 
chamber 7 according to the present invention, having 
electrode 9, which is arranged between a counter electrode 

10 10 and a gas shower 8. Gas shower 8, which is also used as 
counter electrode in the example shown, has a gas supply 15 
and a plurality of nozzle orifices 13 leading to the 
interior of process chamber 7. Electrode 9 and counter 
electrode 10 are provided with regularly arranged continuous 

15 openings 11, 14. Not shown are the lateral walls of process 
chamber 7 and supply lines, such as electric and gas lines. 

One sealing ring 1 is in each case affixed in openings 11 of 
electrode 9. Outer lateral surface 3 of sealing ring 1 is 

20 enclosed by the boundary of opening 11. Present in gas 

shower 8 above each opening 11 of electrode 9 is a nozzle 
orifice 13, but an arrangement having a different number of 
gas nozzles 12 and openings 11 in electrode 9 is possible as 
well. The respective gas nozzle 12 can guide the gas across 

25 the surfaces to be coated in a selective or diffuse manner. 
The gas flow may also be influenced via gas-baffle plates 
(not shown) or the like . 

A plurality of shaded regions 16 are indicated in process 
3 0 chamber 7, which are meant to symbolize a developed plasma 
17 in process chamber 7. Plasma region 16 extends on both 
sides of electrode 9 between counter electrode 10 and gas 
shower 8. Plasma 17 is also formed in passage 2 of sealing 
ring 1, so that a cohesive plasma region 16 results with a 
35 constriction in the region of passage 2 of sealing ring 1. 
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On both sides of the constriction, plasma 17 expands 
spatially. Plasma 17 is relatively intense in the 
constricted region, thereby allowing an especially 
high-quality protective layer to be applied on inner surface 
5 area 4 of sealing ring 1, which generally must be of special 
functionality. Located on both sides directly at electrode 9 
between sealing rings 1 positioned thereon are bright 
regions 18, which are not covered by plasma 17 or only to a 
very limited extent. The schematic illustration of plasma 
10 region 16 can only show the actual formation of plasma 17 in 
a simplified representation. 

Possible flow directions of a process gas supplied into and 
discharged from the chamber of gas shower 8 and process 
15 chamber 7 are schematically indicated by arrows P. 

The pressure coming about in process chamber 7 is basically 
a function of the gas-volume flow into and out of process 
chamber 7, i.e., of the power of a connected vacuum pump, 

2 0 for example. 

In the following, the present invention is described with 
the aid of a plurality of sealing rings 1 to be coated in a 
one -chamber system according to Figure 2. The device, on the 
25 basis of the same principle, is also applicable to the 

coating of only one sealing ring 1 or other objects made of 
elastomeric material . 

Described is a simplified device in the case of relatively 

3 0 short coating times of less than one minute and of 

pretreatment using air. The cycle time of the entire 
procedure is less than three minutes, up to two minutes 
being taken up by pump times. 

35 First of all, sealing rings 1 are positioned on top of or 
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inside electrode 9, preferably horizontally. For the 
transport through process chamber 7 the sealing rings may be 
accommodated on carriers (not shown) . Specially adapted 
carriers may be used in the case of different sealing-ring 
5 geometries . Depending on the maximum charge magnitudes and 

the size of the objects to be coated, the side dimensions of 
the carriers are between a few 10 cm x 10 cm and, greater, 1 
m x 1 m. 

10 After entering the carrier, the residual gas, such as air, 
is pumped out of process chamber 7 up to the pretreatment 
pressure of 0.5 bar. For the pretreatment, a high-frequency 
a.c. voltage of preferably 4 MHz, 13.56 MHz, 27.17 or 40.68 
MHz is then applied to electrode 9 for up to one minute, 

15 otherwise in the frequency range of 10 kHz to up to 100 MHz, 
or a pulsed d.c. voltage. The power to be injected is a 
function of the electrode surface and amounts to between 
approximately 1 to 100 watt per square centimeter. 

2 0 Subsequently, process chamber 7 is evacuated further, up to 

0.1 mbar residual gas pressure. The reactive gas, such as 
acetylene or methane, is then fed in until the process 
pressure of up to approximately 1.5 mbar is reached. For the 
actual coating, the voltage supply is switched on for 
25 approximately one minute. Finally, the gas supply is cut off 
and the residual gas is evacuated. Among others, acetylene, 
methane or an acetylene-methane mixture, for example, are 
used as process or reactive gas. 

3 0 The pretreatment in the first process step allows good 

bonding, i.e., adhesion of the protective wear layer, on the 
elastomeric material or rubber. Good adhesion of the 
protective layer on the elastomeric material is decisive for 
a reliable functioning of the protective layer. Without 
35 suitable pretreatment, a poorly adhering layer detaches from 
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the elastomer after a few lifting movements of a piston, for 
instance, and provides only inefficient protection from 
wear. The required pretreatment time generally amounts to a 
few seconds to a few minutes, depending on the elastomer and 
5 the layer type. The coating time is a function of the 
desired layer thickness or hardness. In longer coating 
times, it may be advantageous to interrupt the coating and 
to divide it into a plurality of successive process steps. 
This makes it possible, for instance, to keep the thermal 
10 load of the object to be coated within tolerable limits. 

An alternative device according to the present invention may 
also be made up of a plurality of batch chambers arranged in 
a linear or circular manner. Such a multi-chamber system 
15 comprises: 

a) a chamber for infeeding into which the carrier charged 
with the objects to be coated is entered at atmospheric 
pressure. The chamber is then evacuated. 

20 

b) A chamber for a first process step, i.e., for the 
pretreatment . 

c) One or a plurality of chambers for a second process 
25 step, i.e., for the coating. The number of chambers may 

vary, depending on the duration of the overall coating 
and/or desired cycle time. 

d) A chamber for removal in which the carrier with the 
3 0 objects is brought from vacuum to atmosphere. 

The carrier is moved from one chamber to the next chamber 
with the aid of known transport mechanisms. 

35 The device according to the present invention may be 
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simplified by the following variants: 

The carrier is entered into and removed from the same 
chamber; 

The pretreatment may be implemented in air in the 
entering chamber and removal chamber. 

The pretreatment and the coating are carried out in one 
chamber (Figure 2) . 

Figure 3 shows a section of a pump, for example for ABS, ESP 
or TCS, with a pump piston 2 0 and with components sealing 
pump piston 20. The rotational motion of a drive (not shown) 
is transmitted via an eccentric shaft 21 to pump piston 20 
and converted into a lifting movement of pump piston 2 0 for 
pressure generation. Wear, for instance at a bearing L 
between eccentric shaft 21 and pump piston 20, occurs in the 
process, this wear also being a function of the temperature 
and relative movement of the friction partners. Moreover, 
wear as a result of load may occur during the pump-piston 
movement, in particular between pump piston 2 0 and a sealing 
ring 22, or between pump piston 20 and a guide ring 23. On 
its outer surfaces, in particular at components that are 
subject to especially high load wear, pump piston 20 is 
furnished with a continuous coating having a functional 
layer 24 on the outside, for instance on an outer surface 25 
having an end face 26, but it may also be completely coated 
across its entire outer surface, in particular according to 
the present invention. 

A functional layer 24 according to the present invention on 
pump piston 20 makes it possible to also use comparatively 
less expensive material pairings in the pump configuration, 
if appropriate. For example, guide ring 2 3 of the 
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pump-piston guidance, which must normally be provided and 
which is usually made of a special material, may be 
dispensed with entirely. This is possible in particular when 
the function of guide ring 23 is assumed by a section of a 
5 pump housing 27 abutting against pump piston 20. Using pump 
pistons 20, sealing rings 22 or guide rings 23 and the like 
that are coated according to the present invention, higher 
demands on these components may be satisfied, in particular 
regarding longer service life and surface durability in ABS, 
10 ESP or TCS systems. 

The layer configuration formed at the coated pump 
components, in particular at pump piston 20, may be made up 
of, for instance, PVD (physical vapor deposition) , CVD 
15 (chemical vapor deposition) or PECVD (plasma enhanced 

chemical vapor deposition) layers. 

Generally, the layer configuration at pump piston 2 0 may be 
made up of three layers. The layers have the following 
20 configuration, for example: an adhesive layer, generally 

made of chromium or silicon, for example, on basic body 20a 
of pump piston 20, followed by one or a plurality of 
intermediate layer (s), for instance having one of a 
plurality of the components chromium, wolfram, silicon or 

2 5 carbon, and as third and outermost layer a metal -free 

functional layer 24, for example, made of DLC, or a 
metal-containing functional layer having iC wolfram-carbide. 

The corresponding layer specifications, by way of example, 

3 0 have a layer thickness of the three layers of together 

approximately 0.5 to 4 jam at a micro-hardness of 
approximately 4 to 4 0 GPa (according to DIN 50359-1) . The 
coefficient of friction of the functional layer amounts to 
approximately 0.05 to 0.3 (dry) (according to DIN 50324, 
35 1992.07 edition). 
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